Mechanism of action of Pseudomonas exotoxin. Identification of a rate-limiting step.
Pseudomonas exotoxin (PE) enters cells by receptor-mediated endocytosis and is cleaved by a cellular protease between Arg279 and Gly280 to produce an NH2-terminal fragment of 28 kDa which contains the toxin's binding domain and a COOH-terminal fragment of 37 kDa which has translocating and ADP-ribosylating activity. After proteolysis, the COOH-terminal fragment reaches the endoplasmic reticulum by retrograde transport where it translocates to the cytosol and inhibits protein synthesis by ADP-ribosylating elongation factor 2. To understand how the 37-kDa fragment functions, we focused on the role of specific amino acids located near its NH2 terminus. We found that there was a 4-250-fold loss in toxic activity when tryptophan 281, leucine 284, or tyrosine 289 were changed to other residues. Mutations at these three positions did not interfere with the receptor binding, cell-mediated proteolytic cleavage, or ADP-ribosylating activity. To determine the role of these amino acids, a competition assay was devised in which the addition of excess PE delta 553, a mutant form of PE that lacks ADP-ribosylation activity, competed efficiently for the toxicity of PE. Excess PE with mutations near the NH2 terminus of the 37-kDa fragment competed poorly. This competition occurred after proteolysis since PEGly276, a mutant form of PE that is not cleaved, did not complete. We conclude that specific amino acids at the NH2 terminus of the 37-kDa fragment interact in a saturable manner with an unknown intracellular component.